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(57)Abstract 

PROBLEM TO BE SOLVED: To make it possible to monitor 
accurately abnormal discharge in a container and to contrive to 
enhance the yield of the manufacture of a semiconductor device. 
SOLUTION: In a method of manufacturing a semiconductor device 
having the structure which a plasma using discharge is produced 
between a cathode electrode 1 3 which is installed in a plasma 
treating container 11, and the upper wall part (opposed electrode) of 
the container 1 1 and an etching treatment is performed to a 
substrate 12 to be treated which is placed on the electrode 13, 
utilizing this plasma, a reflected wave due to a change in the 
impedance of the plasma is detected by a directional coupler 1 5 and 
a wave detector 1 7 to monitor abnormal discharge and at the time 
when there is abnormal discharge is decided by this monitored 
result, a processing process for recovering damage which is 
accompanied by the abnormal discharge, to the substrate 12 is 
performed to the substrate 12. 
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* NOTICES * 

JPO and NCXPX are not: responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] Plasma treatment equipment characterized by occurring the plasma by inter-electrode 
discharge installed in the container, detecting impedance change of said plasma in the plasma 
treatment equipment which performs predetermined surface treatment to the processed base arranged 
in a container using this plasma, and carrying out the monitor of the abnormality discharge. 
[Claim 2] In the manufacture approach of a semiconductor device of performing predetermined 
surface treatment to the processed base which occurred the plasma by inter-electrode discharge 
installed in the container, and has been arranged in a container using this plasma The manufacture 
approach of the semiconductor device which detects impedance change of said plasma, carries out 
the monitor of the abnormality discharge, and is characterized by choosing whether the treatment 
process for recovering the breakage accompanying abnormality discharge to said processed base is 
given according to this monitor result. 

[Translation done.] 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the plasma treatment 
equipment which performs surface treatment, such as etching and membrane formation, to a 
processed base especially using the discharge plasma, and the semiconductor device using this 
equipment with respect to a semi-conductor manufacturing technology. 
[0002] 

[Description of the Prior Art] In recent years, in connection with the densification of semiconductor 
devices, such as a microprocessor and random access memory (RAM), a plasma treatment technique 
is becoming the process of semiconductor device manufacture with an indispensable thing, for 
example, RIE (reactive ion etching) which plasma-izes various gas and irradiates active species, such 
as ion in the plasma, at the semi-conductor substrate by which patterning was carried out by the 
resist etc. in order to form a detailed component field, detailed wiring, etc. — law is used abundantly. 
[0003] Drawing 5 is the outline block diagram showing the conventional RIE system. Evacuation of 
the plasma treatment container 51 is carried out with the exhauster which is not illustrated, and 
suitable gas is introduced according to the ingredient which should be etched in this container 51. 
Generally as introductory gas, the gas containing halogen atoms, such as fluorine and chlorine, is 
used abundantly. 

[0004] The cathode electrode 53 with which the processed substrate 52 is laid is installed in 51 in a 
plasma treatment container. In order to impress high-frequency power, RF generator 54 is connected 
to the cathode electrode 53 through the adjustment machine 56 for performing adjustment with the 
output impedance of this power source 54, and the impedance of the plasma. 
[0005] And discharge is occurred between an electrode 53 and a container 51 by impression of this 
high-frequency power, and gas is made to plasma-ize. Usually, a glow discharge field has the above- 
mentioned discharge, by taking a larger area of the container upper wall used as an anode than a 
cathode electrode, the charge up of the cathode is regularly carried out to negative potential, and it 
etches by drawing ion in a processed substrate front face. 

[0006] The case where the detailed gate electrode of the semiconductor device which has metal- 
oxide-semiconductor structure is formed using the above-mentioned RIE system is explained with 
reference to drawing 6 . First, the oxide film 62 which turns into gate oxide all over the front face of 
a silicon substrate 61 is formed, and the polish recon thin film 63 with which impurities which serve 
as a gate electrode material on it, such as phosphorus and arsenic, were doped is made to deposit, as 
shown in drawing 6 (a). Then, a resist pattern 64 is formed as the configuration of the gate electrode 
into which it should be processed on the polish recon thin film 63 by the photolithography method. 
[0007] By the way, although the plasma in an RIE system is in a RF glow discharge field, 
abnormality discharge of an arc etc. may occur within a plasma treatment container according to 
processing conditions, such as configurations, such as irregularity in a plasma treatment container, 
and introductory gas. This arc discharge causes various problems, such as a trouble of the 
productivity slowdown by breakage on a processed substrate, and plasma treatment equipment. 
[0008] When arc discharge occurs near the front face of a processed substrate, abnormalities may be 
brought to the configuration of a processed substrate and a destructive part which dissolves to a 
silicon substrate may arise. Moreover, gate oxide does not result in dielectric breakdown or 
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destruction, but ** may also do electric breakage of proof-pressure degradation etc. Furthermore, 
also when arc discharge occurs within the plasma treatment container which is separated from a 
processed substrate, particle may adhere to a processed substrate front face, this may serve as a 
mask, and an open circuit and short circuit of a component or wiring may be caused. 
[0009] A defect's appearance caused by these arc discharge is shown in drawing 6 (b). The breakage 
part of gate oxide with electric 65 in drawing, the particle to which 66 adhered, and the particle 66 to 
which 67 adhered show the etching remainder formed by becoming a mask. 

[0010] On the other hand, a plasma treatment container wall and an electrode may break and it may 
become the cause of metal contamination. When the deposition film is formed in the plasma 
treatment container wall, possibility of this deposition film dissociating and becoming many dust 
sources of release is especially high. 

[001 1] In addition, in plasma treatment equipment, although there are some which prepared the 
aperture in order to carry out the monitor of the inside of a container, it is also possible to detect arc 
luminescence in a container with such equipment, and to carry out the monitor of the abnormality 
discharge. However, even if a speed of response is slow, and the monitor of sensibility of the 
abnormality discharge by luminescence detection is low and is luminescence of multiple times, it 
considers that it is one luminescence and it cannot perform exact detection. Moreover, the aperture 
which consists of a quartz etc. was etched like the RIE process of silicon oxide, the resultant 
accumulated, permeability decreased [ the surface dry area arose, or ], and there was a problem to 
which detection sensitivity falls with time amount. Moreover, although it is necessary to prepare an 
aperture in a container in order to detect luminescence, preparing this aperture itself becomes the 
factor which causes the ununiformity of the plasma, and it is not desirable. 

[0012] Moreover, the problem mentioned above is being able to say similarly in the plasma CVD 
which forms the deposition film by not restricting to etching of RIE etc. and plasma-izing material 
gas. 
[0013] 

[Problem(s) to be Solved by the Invention] Thus, conventionally, if abnormality discharge of an arc 
etc. arises in the plasma treatment equipment which gives etching and membrane formation to a 
processed base using the plasma by discharge, a certain breakage will be done to a processed base, 
and it will become the factor which reduces the manufacture yield in a subsequent treatment process. 
Moreover, if the wall surface and electrode surface of a container receive breakage by abnormality 
discharge, it will become easy to produce abnormality discharge increasingly. 
[0014] Although it is possible to detect luminescence in a container and to carry out the monitor of 
the abnormality discharge with the plasma treatment equipment which equipped the container with 
optical apertures, such as glass and a quartz, it is difficult to detect luminescence of a minute arc with 
speed of response sufficient at best [ sensibility ] again by this approach. 

[0015] This invention was made in consideration of the above-mentioned situation, the place made 
into the object can carry out the monitor of the abnormality discharge in a container to accuracy, and 
it is in offering the manufacture approach of plasma treatment equipment and a semiconductor 
device which can contribute to the improvement in the manufacture yield of a semiconductor device 
etc. 
[0016] 

[Means for Solving the Problem] 

(Configuration) The main point of this invention is to prevent [ for a processing state to change 
subsequent production processes based on the information on monitor Perilla frutescens (L.) Britton 
var. crispa (Thunb.) Decne. during plasma treatment, such as dry etching which is easy to receive 
various breakages, and CVD, when manufacturing a semiconductor device, and ] a productivity 
slowdown. 

[0017] That is, this invention is characterized by occurring the plasma by inter-electrode discharge 

installed in the container, detecting change of the impedance of said plasma in the plasma treatment 

equipment which performs predetermined surface treatment to the processed base arranged in a 

container using this plasma, and carrying out the monitor of the abnormality discharge. 

[0018] Here, the following are raised as a desirable embodiment of this invention. 

(1) Establish a means to store the data based on a monitor result, and when the count of abnormality 
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discharge becomes more than the count of predetermined, judge with it being unusual. 

(2) Consider as the means which carries out the monitor of the abnormality discharge, and in order to 
perform said discharge, detect change of the amplitude of the RF supplied from an RF generator, or a 
phase. 

(3) Consider as the means which carries out the monitor of the abnormality discharge, and detect the 
amplitude of a RF, and the reflected wave of the RF by change of a phase. 

(4) Exchange a container or an electrode according to a monitor result. 

(5) The surface preparation to a processed base should be film deposition of dry etching, such as 
RIE, or CVD. 

[0019] Moreover, this invention occurs the plasma by inter-electrode discharge installed in the 
container, and is set to the manufacture approach of a semiconductor device of performing 
predetermined surface treatment to the processed base arranged in a container using this plasma. 
Change of the impedance of said plasma is detected, the monitor of the abnormality discharge is 
carried out, and it is characterized by judging whether the treatment process for recovering the 
breakage accompanying abnormality discharge to said processed base is given according to this 
monitor result. 

[0020] Here, the following are raised as a desirable embodiment of this invention. 

(1) Perform at least one of heat- treatment, washing processing, polish processing, thin film 
formation, and the processings exposed to a gas ambient atmosphere as a breakage recovery process. 

(2) Stop the subsequent treatment process to a processed base according to a monitor result. 
(Operation) According to this invention, the monitor of the abnormality discharge of arc discharge 
etc. can be carried out by detecting change of the impedance of the plasma, the amplitude of the RF 
more specifically supplied from an RF generator, or the reflected wave of the RF according change 
of a phase to change of the amplitude of detection or a RF, and a phase. And unlike detecting arc 
luminescence in this case, since sensibility is also quickly high, a speed of response can carry out the 
monitor of the abnormality discharge to accuracy. 

[0021] Moreover, effectiveness is acquired by compaction of the stop time of plasma treatment 
equipment, and prevention of serious failure by maintaining equipment according to a monitor result 
(exchange of a container, an electrode, etc.). Furthermore, it becomes possible by giving the 
treatment process for recovering the breakage accompanying abnormality discharge to a processed 
base according to a monitor result to contribute to the improvement in the manufacture yield of a 
semiconductor device etc. 
[0022] 

[Embodiment of the Invention] Before explaining the gestalt of implementation of invention, the 
basic principle of this invention is explained. The occurrence frequency and generating magnitude of 
arc discharge change with plasma treatment conditions, such as a condition of plasma treatment 
containers, such as the plasma generating approach, an electrode surface product, inter-electrode 
spacing, geometry of a container, and surface treatment of a container wall, a class of introductory 
gas, a pressure in a plasma treatment container, a frequency of an impression RF, and power, 
variously. 

[0023] Among those, in order to raise the resistance of the wall of a plasma treatment container, 
surface treatment is performed, an insulator layer is formed or the thing of a chamber wall for which 
potential has distribution on the whole or in localization is guessed by the conductivity and thickness 
under conditions which a resultant deposits on a wall front face. Moreover, it is considered enough 
that potential distribution occurs with surface physical properties and a surface configuration also in 
a processed base. It is thought that such complicated factors overlap and arc discharge occurs in a 
plasma treatment container. 

[0024] However, since it was the phenomenon which arc discharge does not have repeatability and is 
generated suddenly, it was difficult to trace the cause and to cope with it fundamentally. Then, the 
directional coupler 15, the wave detector 17, and the oscilloscope 18 were installed in the RF 
impression part of conventional plasma treatment equipment, and this invention person etc. 
investigated fluctuation of the reflected wave of the RF by the arc discharge to generate, as shown in 
drawing 1 (a). Then, as shown in drawing 1 (b), the pulse-like reflected wave considered to be based 
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on an arc during plasma treatment was checked. In addition, in drawing 1 , in 1 1 , a cathode electrode 
and 14 show an RF generator and, as for a plasma treatment container and 12, 16 shows the 
adjustment machine, as for a processed base and 13. 

[0025] It is thought of as follows that a reflected wave appears in the shape of a pulse by arc 
discharge. To the 1st, a big current flows through arc discharge at the time of arcing. Thereby, the 
impedance of the plasma as the whole turns into low impedance compared with the time of steady 
glow discharge. Since the impedance matching of the adjustment machine is changed into the 
condition of glow discharge, at the time of arcing, it separates from the point having consistency, and 
a reflective RF advances toward an RF generator. 

[0026] although the automatic negotiation machine which performs impedance matching 
automatically is used in recent years in many cases — electromagnetism ™ since it is based on 
machine controls, such as a method which operates a variable capacitor or an adjustable reactor by 
the motor, impedance change by arc discharge cannot be followed at all. Therefore, the reflected 
wave of the shape of a pulse by arc discharge will be detected by any adjustment methods. 
[0027] therefore, creating again, since the monitor of the arcing is carried out by the above- 
mentioned principle, and subsequent production processes are continued for production based on 
information, such as the frequency, or a semiconductor device is begun newly — or it also becomes 
possible from breakage by performing a certain processing after plasma treatment to aim at recovery. 
Moreover, effectiveness is acquired by compaction of the stop time of plasma treatment equipment, 
and prevention of serious failure, when the trouble of plasma treatment equipment is also caught 
exactly and maintains promptly. 

[0028] Hereafter, the operation gestalt of this invention is explained with reference to a drawing. 
Drawing 2 is the outline block diagram showing the plasma treatment equipment (here etching 
system) concerning 1 operation gestalt of this invention. 21 in drawing is a plasma treatment 
container, and the cathode electrode 23 with which the processed substrate 22 is laid is installed in 
this container 21 . The high-frequency power from RF generator 24 is impressed to an electrode 23 
through the adjustment machine 26, and the container 21 is grounded. With this operation gestalt, the 
upper wall of the container 21 which counters the cathode electrode 23 worked as an anode 
electrode, and has occurred discharge in inter-electrode [ these ]. 

[0029] Between RF generator 24 and the adjustment machine 26, the arc detector 25 which detects 
arc discharge (abnormality discharge) based on impedance change of the plasma is inserted. The 
detecting signal of the arc detector 25 is supplied to the count drop 27 of an arc, and the count of an 
arc per fixed time amount is displayed by this drop 27. 

[0030] In addition, the arc detector 25 may detect the reflected wave produced by impedance change 
that what is necessary is just what detects impedance change of the plasma as shown in said drawing 
1 R> 1 . Moreover, change of the amplitude of the RF supplied from RF generator 14 or a phase may 
be detected directly. 

[0031] In a container 21, the gas containing halogen atoms, such as fluorine and chlorine, is 
introduced, and the inside of a container 21 is being exhausted by the vacuum pump which is not 
illustrated. Moreover, the alumite layer for preventing the corrosion according aluminum to chlorine 
gas etc. to a base material is formed in the wall of a container 21 . 

[0032] Moreover, the magnet 28 is installed in the outside of a container 21 . This magnet 28 
generates the plasma of high density in a high vacuum by giving a magnetic field almost parallel to 
the front face of the cathode electrode 23, and carrying out the drift of the electron in a cathode 
sheath. Thereby, an etch rate is increased and the vertical configuration of an etching cross section is 
made possible. 

[0033] Next, how to etch a processed base using chlorine gas that a gate electrode should be formed 
is explained. The doped polish recon thin film with which gate oxide serves as 1 2nm and a gate 
electrode is about 300nm. Chlorine gas was introduced into the interior and the pressure in a plasma 
treatment container was set to 0.2Pa. It decided on plasma treatment time amount by the end point 
judging by change of the reinforcement of luminescence of the specific wavelength of the plasma. 
[0034] When a gate electrode was formed according to the above-mentioned conditions using a 
silicon base with a diameter [ of 1 50mm ], and a thickness of 0.625mm, the monitor of the count of 
arcing was carried out with the arc detector during plasma treatment at a rate of one base every 72 
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bases. Change of this count of arcing is shown in drawing 3 . The count of generating of an arc 
increased rapidly in the place processed about 800 bases. At this time, the rate of an excellent article 
of the semiconductor device completed through all manufacture processes fell. 
[0035] Then, when plasma treatment of the silicon substrate in which the silicon oxide thin film was 
formed all over the front face was carried out for 1 minute on the above-mentioned plasma treatment 
conditions, much particle with a magnitude of about 0.2-2 micrometers had adhered on the base. 
Among the particle adhering to a silicon substrate, when the micro X-ray fluorescence analysis was 
performed, it became clear the thing with a magnitude of about 2 micrometers that aluminum was a 
main component. Moreover, when the wall of a plasma surface treatment container was investigated, 
it also became clear that a part of alumite layer had disappeared. 

[0036] When some walls are etched gradually and conductive aluminum material is exposed during 
plasma treatment from the above, it is thought that arc discharge occurred in the exposed 
neighborhood and the particle of aluminum occurred. Since the particle which used aluminum as the 
principal component like [ the silicon substrate which should process the above-mentioned gate 
electrode ] the time of arcing increasing adhered, it is thought that the rate of an excellent article fell. 

[0037] So, with this operation gestalt, after plasma treatment, for 10 seconds, after processing in 
pure-water ultrasonic-cleaning 1 0 minutes again, the production process of the usual semiconductor 
device was given to the sulfuric acid and the nitric-acid mixing dilution station with pure water for 
ultrasonic-cleaning 10 minutes. It became clear that the rate of an excellent article of the 
semiconductor device completed eventually improved at this time. Since defect generating by the 
defect of shape was controlled by removing the particle adhering to a silicon base, this is considered. 
Moreover, even if it performs the RCA washing approach usually called "SC-l", it has also become 
clear that particle is removed. 

[0038] Furthermore, after processing with the above-mentioned pure water and a drug solution, it is 
02 further. Gas and H2 After performing Ar gas at 700 degrees C and heat-treating at 900 degrees C 
under ordinary pressure succeedingly for 30 minutes, when manufacture of a semiconductor device 
was performed with mixed gas with gas, it became possible to raise the rate of an excellent article 
further. Since the gate oxide which deteriorated electrically other than the part which the 
configuration damaged physically by arc discharge has been improved, this is considered. 
[0039] Moreover, the increment in the arc occurrence frequency which affects the rate of an 
excellent article originates in dissipation of the alumite layer of a plasma treatment container wall as 
shown above. Then, when the plasma treatment container was exchanged newly and plasma 
treatment was performed, the count of arcing decreased as shown in the right end of drawing 3 , and 
it became clear that it restored to the original condition. It means that the life of a plasma treatment 
container can be grasped to accuracy by carrying out the monitor of this, i.e., the arc occurrence 
frequency. 

[0040] For this reason, when the monitor of the count of generating of arc discharge was always in 
plasma treatment carried out and a certain value was exceeded, it set up so that warning might be 
emitted automatically. Thereby, the plasma treatment container could be exchanged promptly and 
the stop time of a plasma treatment container was able to be shortened. Therefore, it becomes 
possible to prevent decline in the operation effectiveness of plasma treatment equipment, and to also 
gather productive efficiency. 

[0041] In addition, this invention is not limited to the operation gestalt mentioned above. Although 
the operation gestalt explained etching systems, such as RIE, as plasma treatment equipment, 
applying to deposition of thin films, such as CVD, is [ that this invention should just be what 
processes on the front face of a processed base using the discharge plasma ] also possible. Moreover, 
it is also possible to collect the arc detection information from two or more plasma treatment 
equipments in package, as shown in drawing 4 , and to aim at improvement in productivity further. 
In addition, in 45 in drawing, an arc detector and 47 show the count drop of an arc, and 49 shows the 
count concentration control indicator of an arc. 

[0042] With an operation gestalt, although the plasma treatment container was exchanged with the 
monitor of abnormality discharge, when abnormality discharge originates in degradation of a 
cathode electrode, a cathode electrode may be exchanged. Furthermore, both a container and an 
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electrode may be exchanged. As long as it is for [ which removes the adhesion particle by arc 
discharge ] accumulating or improving electrical characteristics, besides the operation gestalt having 
described, processing of an etching process, a film formation process, etc. or these processings may 
be constructed, and a ****** process may be used. In addition, in the range which does not deviate 
from the summary of this invention, it can deform variously and can carry out. 
[0043] 

[Effect of the Invention] As explained in foil detail above, since a speed of response is quick and 
sensibility is also high, according to this invention, unlike detecting arc luminescence by detecting 
change of the impedance of the plasma and carrying out the monitor of the abnormality discharge, 
the monitor of the abnormality discharge can be carried out to accuracy. And effectiveness is 
acquired by compaction of the stop time of plasma treatment equipment, and prevention of serious 
failure by maintaining equipment according to a monitor result (exchange of a container, an 
electrode, etc.). Furthermore, it becomes possible by giving the treatment process for recovering the 
breakage accompanying abnormality discharge to a processed base according to a monitor result to 
contribute to the improvement in the manufacture yield of a semiconductor device etc. 
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* NOTICES * 

iTPO and NCXPX are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the equipment configuration for explaining the basic principle of this 
invention, and the situation of pulse generating. 

[Drawing 2] The outline block diagram showing the plasma treatment equipment concerning 1 
operation gestalt of this invention. 

[Drawing 3] Drawing showing change of the count of arcing. 

[Drawing 4] Equipment configuration drawing showing the modification of this invention. 

[Drawing 5] The outline block diagram showing the conventional RIE system. 

[Dra wing 6] The component structure sectional view for explaining the trouble in the case of 

forming the detailed gate electrode of an MOS mold semiconductor device using equipment 

conventionally. 

[Description of Notations] 

1 1 21 — Plasma treatment container 

12 22 — Processed substrate 

13 23 - Cathode electrode 

14 24 — RF generator 

1 6 26 — Adjustment machine 

1 5 -- Directional coupler 

1 7 — Wave detector 

18 — Oscilloscope 
25 45 — Arc detector 

27 47 — Count drop of an arc 

28 - Magnet 

49 — Count concentration control indicator of an arc 
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